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Non adiabatic molecular dynamics following photoexcitation: an ab initio quantum approach
The author will present an overview over the theoretical work on molecular dynamics following photoexcitation in the visible or UV spectral range. This carries the system to an electronically excited state with a potential energy surface (PES) differing from 
that of the electronic ground state. A rich variety of vibrational and related processes will thus be initiated which can proceed on 
a single or several of the many different excited-state PESs. If some of these PESs are close in energy they interact and the nuclear 
motion on them does not proceed independently. This is the realm of nonadiabatic molecular dynamics which has been in the 
focus of interest of spectroscopists and physical and theoretical chemists for many years. It is of fundamental importance for many 
different excited-state processes in biology, chemistry and physics (such as charge transfer, photochemical rearrangements etc.). 
A typical scenario are so-called conical intersections of potential energy surfaces where different PES become degenerate upon 
variation of two nuclear coordinates. Systems treated by us recently comprise SO2, small polyenes like butadiene or hexatriene or the 
benzene cation. Key features of the systems and methods used will be highlighted in the talk.
Figure 1: Schematic representation of two conical inter-sections and their associated photochemical reaction pathways.
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Noncovalent interactions in bio- and nanosciences: quantum mechanical aproach 
Noncovalent interactions play an important role in chemistry, physics and biology. Reliable characteristics like stabilization energy, structure and vibrational frequencies are obtained using composite coupled cluster schemes which offer the possibility 
of improving the accuracy of results obtained by adding excitation operators of increasing order. It was shown that already CCSD(T)/
CBS method yields an accurate and reliable description of noncovalent interactions, yet is only applicable to systems with several tens 
of atoms. Lower-level methods like DFT or semiempieical QM (SQM) should be parametriezed or verified and here the databases 
of accurate stabilization energies and geometries developed in our laboratory (S22, S66, X40 and L7) play an indispensable role. 
Binding free energy for host-guest and protein-ligand complexes is constructed as a sum of gas-phase interaction energy (ΔEint), 
change of desolvation free-energy (ΔΔGsolv), change of the conformational free energy of both components (ΔGconfw) and entropy 
term (eq. 1): ΔGw ≈ ΔEint + ΔΔGsolv + ΔGconfw – TΔS  (1). Because of the size of systems investigated the DFT-D, and PM6 or 
SCC-DF-TB SQM methods combined with COSMO technique were considered. Performance of these  methods was verified by 
comparison of interaction energies of model complexes with the benchmark values obtained from CCSD(T) and MP2.5 methods. 
Applicability of procedures described is demonstrated for evaluation of binding free energies of several extended systems like host – 
guest, protein – ligand and surface – admolecule ones.
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Climate change and global warming: thoughts of a Quaker scientist
This talk arises from two articles recently accepted for publication by Elsevier in their Reference Modules [1,2]; the first also comes out next year in paper copy in the 3rd edition of Encyclopaedia Analytical Sciences,  Written for the intelligent non-
expert, the science of the greenhouse effect and the most up-to-date data are presented in the first article [1].  In summary, the 
two most significant secondary greenhouse gases remain CO2 and CH4, together they contribute c. 80-85% of the secondary 
greenhouse effect, and this percentage has not changed for the last 20-30 years.  CH4 could indeed prove to be as serious a 
secondary greenhouse gas as CO2.  However, the total radiative forcing which causes the increase in Planet Earth’s temperature 
has increased consistently over this time window, and the huge majority of the world’s scientists now accept that we have a huge 
environmental issue on our hands that will not disappear.  In the second article [2], suggestions are made as what issues people 
should think about from individual, government and world positions.  The author is a practicing member of the Quaker (Society 
of Friends) religion, and throughout he comes to this problem from a moral viewpoint.  This will not be a talk about religion, 
but rather how the six Quaker Testimonies (i.e. way we should lead our lives) on Truth and Integrity, Social Justice, Equality, 
Simplicity, Peace and Sustainability lead him in certain personal directions, and what advice he might give to Governments and 
World organisations (e.g.  the United Nations).  A concise and simple explanation of the Quaker religion in the UK in 2017 is 
written elsewhere [3]; much of it may surprise many delegates!.
The average temperature of the Earth (red) and the concentration level of CO2 in the Earth’s atmosphere (in red) during the recent history since AD1880.  (Stoft 
http://zfacts.com/p/226.html  or  Hocker http://wattsupwiththat.com/2010/06/09/). A rise of 1 F is equivalent to 0.56°C.  From a scientific viewpoint, there is no 
proven correlation between the two sets of data
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Manipulating liquid crystals via photo generated fields and tailored polymer
Liquid crystals (LCs) are well-known for their highly sensitive and tuneable optical properties. However, inorganic-organic hybrids with localized, light induced (opto-optical) responses and LC composites with fast or threshold-free switching are 
sought after. In addition to conventional modulation of the intensity, the main goal is to tune optical phase shifts of incident light 
waves. Localized optical responses can be triggered by the use of light, to allow for optical manipulation. Photo generated polymer 
can yield in highly responsive, fast LC composites for future displays and adaptive optics.
Figure 1: Schematic of a polymer network LC sample and polarized optical micrographs of a hybridized sample with photoinduced, erasable defect pattern.  
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Manipulation of single molecules at surfaces: switches, wires and motors 
Molecular nanotechnology aims to use functional molecules as individual machines or electronic devices. Hence, their self-assembly into pre-defined architectures and the full control over each individual molecule are key objectives. Various 
examples of functional molecules, ranging from molecular wires to molecular switches and machines that are studied and 
manipulated at the single-molecule level by scanning tunneling microscopy (STM) under ultrahigh vacuum conditions, will be 
discussed in this presentation. Molecular wires or molecular nodes with different conjugation pathways can be fabricated from 
specifically designed molecular building blocks that are connected to two-dimensional networks or one-dimensional chains. 
In the case of molecular switches, the switching rate can be tuned up and down by only one single atom in the vicinity of the 
molecule. The same effect is then extended to molecular assemblies where cooperative effects in single molecules are directly 
observed. The switching process can also be used to trigger a molecular motor where the lateral translation of molecular machines 
on a surface can be enhanced by light of specific wavelengths that match the absorption properties of the molecule. By comparing 
molecules with and without a motor unit, the enhanced motion can be directly assigned to the motor that is incorporated in 
the molecules. STM manipulation gives detailed insight into the physical and chemical processes at the single-molecule level by 
varying the relevant parameters as tip height over the surface, bias voltage or tunneling current. While the speed is typically of 
minor importance in these experiments, it becomes crucial when studying so-called nanocars. By implementing a dipole moment 
into the molecular structure, we could show that very efficient and therefore fast manipulation can be realized. The key property 
is that no continuous imaging is required, rendering the manipulation fast enough to win the first nanocars race.
Recent Publications:
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